Introduction
The design and synthesis of lead(II) metal-organic coordination polymers have been greatly developed, not only because of their structural diversities, but also owing to their potential applications in gas storage and luminescence [1, 2] . However, it is still a big challenge to predict the final structures of the desired crystalline products, since many factors such as organic ligands, solvent systems and temperature may have a great influence on the self-assembly process [3, 4] . Recently, some 1,10-phenanthroline derivatives, such as 2-(4-hydroxylphenyl) imidazo-[4,5-f]1,10-phenanthroline (HOIP), 2-(3-pyridyl)imidazo [4,5- f]1,10-phenanthroline (3-pdip) and 2-(4-pyridyl)imidazo [4,5- f]1,10-phenanthroline (4-pdip) with the common advantages of chelating and bridging Ndonor ligands, have attracted great interest within coordination chemistry [1, 2a] . In addition, careful selection of the organic ligands containing appropriate coordination sites linked by a proper spacer has been an effective way to obtain the target Pb(II) compounds [1 -4] . As is known, multidentate organic dicarboxylate Odonor ligands can be divided into three types: flexible, semirigid and rigid ligands. The coordination behavior of flexible and rigid dicarboxylates in Pb(II) comc 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com plexes was widely investigated by Ma, Batten, Wang, You, Casado, and our group [1, 2a, 3a, 5] . However, the chemistry of lead-organic coordination polymers based on semirigid dicarboxylates is relatively limited [6] .
For this paper, we select the rigid phenanthroline derivative ligand 2-(3-pyridyl)imidazo[4,5-f]1,10-phenanthroline (3-pdip) and two organic dicarboxylic acids (Scheme 1), flexible hexane diacid (L 1 H 2 ) and semirigid homophthalic acid (L 2 H 2 ) to investigate the influence of the flexibility of the organic carboxylic acids and the supramolecular recognition action of the N-donor co-ligand on the structure of the lead coordination polymers, based on the following considerations: (1) as a multidentate flexible O-donor ligand, L 1 H 2 with multi CH 2 groups for free twist may induce diverse metal-carboxylate coordination frameworks [1b, 7] ; (ii) as a multidentate semirigid O-donor ligand, L 2 H 2 with a rigid spacer of a phenyl ring and only one freely rotating CH 2 group may favor the formation of new metal-carboxylate subunits [8] ; (iii) as a multifunctional Ndonor ligand, 3-pdip not only possesses versatile potential coordination sites, but also has a large aromatic ring system and may provide potential supramolecular recognition sites for π-π stacking interactions, which may extend the metal-carboxylate subunits into high- [10] .
In this paper, we report two 3-D supramolecular compounds derived from double chains and linear chains, respectively:
The results of the investigation about the influence of the flexibility of dicarboxylates on the coordination frameworks is presented and discussed. Moreover, the thermal stabilities and photoluminescence properties of compounds 1 and 2 were studied.
Results and Discussion
Crystal and molecular structure of 
The single-crystal X-ray determination indicates that compound 1 is a 3-D supramolecular framework derived from staircase-like double chains extended by hydrogen bonds and π-π stacking interactions. In compound 1, the lead atom is sevencoordinated by two oxygen atoms (O3A, O4A) of a chelating carboxylate group, three oxygen atoms (O1, O2, O1B) of two chelating-bridging carboxylic groups from three different [L 1 ] 2− anions and two chelating nitrogen atoms (N1, N2) from one 3-pdip ligand showing a hemidirected coordination geometry (Fig. 1) . The Pb-O distances vary from 2.325 (4) (Fig. 2a) , and the distance between the cores of the [Pb 2 N 4 O 8 ] subunits is 9.267(4)Å. In compound 1, intermolecular hydrogen bonds and π-π stacking interactions play an important role in the construction of the supramolecular framework. As a 3-connected linker, the water molecule not only acts as an hydrogen bond acceptor, but also as a donor to link adjacent chains. The hydrogen bonding interactions between the atoms O1W, N3 and N5 stabilize the 1-D coordination polymer, and the hydrogen bonding interactions between O1W and O4 of the carboxylate groups link adjacent chains into a layer along the ab plane [O1W-H1WA···N5C, 3.017(7)Å, 159 (Fig. 2b) ]. On the other hand, the π-π-stacking interactions between the pyridine rings (containing N2 and N5) of 3pdip from different supramolecular layers connect the layers into a 3-D supramolecular architecture. Cg-Cg (distance between ring centroids) is 3.587(4)Å, and the dihedral angle is 2.3(3) • .
Crystal and molecular structure of [Pb(3-pdip)(L 2 )] (2)
The X-ray diffraction study reveals that compound 2 is a 3-D supramolecular network constructed from linear coordination polymer chains extended by hydrogen bonds and π-π-stacking interactions. In compound 2, each Pb(II) center is eight-coordinated by two chelating nitrogen atoms (N1 and N2) of the 3-pdip ligand and six oxygen atoms of two cis chelatingbridging acetate groups (O1, O2, O2B) and two trans chelating-bridging formylate groups (O3A, O4A, O4B) from three different [L 2 ] 2− anions to form a holodirected coordination mode (Fig. 3) . The Pb-N distances are 2.545(2) and 2.609(2)Å, while the Pb-O bond lengths range from 2.5442(2) to 2.901(3)Å and are near the normal range [6] . The N-Pb-N angle is 63.50 (7) • (Fig. 4a) . Cg-Cg is 3.595(3)Å, and the dihe- dral angle is 0
• . Finally, the adjacent parallel layers are linked by π-π-stacking interactions between the pyridine rings (containing N5) and the imidazole groups of the 3-pdip ligands from different parallel layers to form a 3-D supramolecular framework. CgCg is 3.727(3)Å, and the dihedral angle is 10.61(1) • (Fig. 4b) .
From the structure description above, the carboxylate anions with different flexibility have a significant influence on the resulting structures of the title coordination polymers. The Pb(II) center is hemidirected in 1 and holodirected in 2, which is due to the different organic carboxylates in these two systems (Figs. 1  and 3) . In compound 1, a flexible fatty dicarboxylate ([L 1 ] 2− ) with a long distance between the two carboxylate groups was used. Therefore, a rectangular eighteen-membered ring was constructed by two [L 1 ] 2− anions and two lead atoms with a dimension of about 8.4 × 9.3Å 2 (Fig. 2a) . Furthermore, a staircaselike metal-organic double chain is formed (Fig. 2a) . Since a semirigid aromatic dicarboxylic anion ([L 2 ] 2− ) is used in 2, the shorter distance of the two carboxylic groups and the steric effect of L 2 make the distance between the Pb atoms shorter. Thus, a linear -[PbO 2 ] ninorganic chain was obtained (Fig. 4a) . The 3-pdip ligands in compounds 1 and 2 show the same chelating coordination modes only acting as terminal groups, and the N atoms from the imidazole and 3-pryridine groups can not coordinate to the Pb atom to extend the double chain, which may have steric reasons. However, these uncoordinated N atoms play an important role in extending the Pb carboxylate chains into highdimensional supramolecular networks through hydrogen bonds.
IR spectra
The main features in the IR spectra of 1 and 2 are due to the carboxylate, and CH 2 groups, water molecules and N-containing ligands. No strong absorption peaks around 1700 cm −1 for -COOH are observed, indicating that all carboxyl groups of the organic moieties are deprotonated [12] . The bands at about 800 and 705 cm −1 may be attributed to the ν(C-N) stretching of the N-heterocyclic rings of the 3-pdip ligands, and the weak absorption peaks of the -CH 2 -groups appeared at around 2945 and 2932 cm −1 in compounds 1 and 2, respectively [13] . For compound 1, the strong broad band at around 3400 cm −1 was assigned to the v(O-H) vibrations of water molecules [14] . The vibrations of the carboxylate groups appeared at 1677 and 1552 cm −1 (for 1), and at 1610 and 1528 cm −1 (for 2) [15] .
Thermal properties
To investigate the thermal stabilities of the title compounds, their decomposition behavior was studied by thermogravimetric analyses (TGA) with a heating rate of 10 • C min −1 in the temperature range of 30 to 800 • C (Fig. 5) . The weight loss of 1 corresponding to the release of water molecules occurred at about 200
• C, showing good stability due to the ex- istence of hydrogen bonding interactions between the water molecules and the coordination framework (observed 2.7 %, calcd. 2.7 %). The significant weight loss at 300 • C can be attributed to the decomposition of the framework. Comparing with 1, compound 2 is slightly more stable up to 330 • C, where the collapse of the framework starts a significant weight loss.
Photoluminescence properties
To study the fluorescence properties of the title compounds, the emission spectra of 1 and 2 in the solid state at ambient temperature were measured (Fig. 6) . a blue shift of ca. 25 nm (for 1) and a red shift of ca. 120 nm (for 2) have been observed. Compared with the π * → π transitions of the 3-pdip ligand, the carboxylate ligands show very weak π * → n transitions which contribute little to the photoluminescence of the title compounds [2a] . Therefore, the solid state photoluminescence of compounds 1 and 2 may be attributed to metal-to-ligand and ligand-to-metal charge-transfer transitions, respectively [2a]. The different emission bands of 1 and 2 may be due to the different structures and organic carboxylates used in this work [16] .
Conclusion
In summary, we have synthesized two new Pb(II) coordination polymers constructed from one phenanthroline derivative and two organic dicarboxylic acids. Compounds 1 and 2 exhibit a staircase-like doublechain and a linear single-chain architecture, respectively, further extended into 3-D supramolecular frameworks by hydrogen bonds and π-π-stacking interactions. The organic carboxylic acids with different flexibility determine the structure of the 1-D Pb(II)-carboxylate coordination polymers. Hydrogen bonds and π-π-stacking interactions have a great influence on the final supramolecular frameworks. Moreover, the title compounds with the blue/green fluorescence properties and excellent thermal stability may be used as luminescent materials.
Experimental Section

Materials and methods
3-pdip was synthesized by the method given in [17] . All other reagents employed were commercially available and used as received without further purification. FT-IR spectra (KBr pellets) were taken on a Magna FT-IR 560 spectrometer, and the elemental analyses (C, H, and N) were carried out on a Perkin-Elmer 240C elemental analyzer. The luminescence spectra for the samples were measured on a Hitachi F-4500 fluorescence spectrophotometer, and thermogravimetric analysis was carried out with a Pyris Diamond TG-DTA instrument.
Synthesis of [Pb(3-pdip)(L 1 )]·H 2 O (1)
A mixture of Pb(NO 3 ) 2 (0.1 mmol), L 1 H 2 (0.1 mmol), 3-pdip (0.1 mmol), H 2 O (14 mL), and NaOH (0.2 mmol) was stirred for 30 min in air, then 1.7 / −1.8
transferred and sealed in a 25 mL Teflon reactor, which was heated at 170 
Synthesis of [Pb(3-pdip)(L 2 )] (2)
The synthetic procedure for 2 is the same as that for 1 except that L 2 H 2 (0.1 mmol) was used instead of L 1 H 2 . Yellow block-shaped crystals of 2 were obtained (∼ 34 % yield based on Pb). -Anal. for C 27 H 16 
X-Ray structure determinations
Crystallographic data for the title compounds were collected on a Bruker Smart 1000 CCD diffractometer Table 2 . Selected bond lengths (Å) and angles (deg) for compounds 1 and 2. with MoK α radiation (λ = 0.71073Å) in the ω scan mode. The structures were solved by Direct Methods using the SHELXS program of the SHELXTL package and refined by full-matrix least-squares methods with SHELXL [18, 19] . All non-hydrogen atoms were refined anisotropically, and all hydrogen atoms were placed in geometrically idealized positions and refined isotropically. The details of crystallographic information for compounds 1 and 2 are summarized in Table 1. Selected bond lengths and angles of the title compounds are listed in Table 2 . CCDC 866643 (1) and 866644 (2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
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